1. Introduction
===============

Hepatitis B virus (HBV) infection is the most common cause of liver cirrhosis in the Asian-Pacific region. Patients with either compensated or decompensated liver cirrhosis may face several complications including impaired cardiac health. It was ever believed that cardiac dysfunction was more common in patients with alcoholic cirrhosis.^\[[@R1]\]^ However, recent studies arrived at the conclusion that potential cardiac complications are also connected to nonalcoholic cirrhosis.^\[[@R2],[@R3]\]^ Patients with liver cirrhosis are under the condition of hemodynamic disorder, including decreased systemic vascular resistance, volume redistribution, and impaired cardiac function.^\[[@R1]--[@R5]\]^ Meanwhile, impaired cardiac function may also induce further liver injury.^\[[@R6]\]^ The cross-talk between cardiac and hepatic dysfunction can lead to high mortality, as the data showed that impaired heart function resulted in up to 25.8% of cirrhotic patients' deaths.^\[[@R7]\]^

According to the diagnostic criteria by the Working Party for cirrhotic cardiomyopathy (CCM), chronic heart dysfunction can be defined as abnormal systolic responses to stress and/or diastolic dysfunction at rest without primary cardiac disease.^\[[@R5]\]^ However, cirrhotic patients with cardiac dysfunction always present a serious of untypical symptoms. At the same time, the medical treatment like nonselective beta-blockers, which could impact systemic hemodynamics, was often prescribed for cirrhotic patients with portal hypertension. Based on this fact, cardiac health should be paid attention in the integral treatment of liver cirrhosis. Currently, little is known about the exact incidence and risk factors of cardiac dysfunction in the cirrhotic populations. Therefore, the primary aim of this study is to evaluate the cardiac function, by serum markers, electrocardiogram (ECG) and ultrasound cardiogram (UCG), in the patients with HBV related cirrhosis, which is most common in Asian-Pacific region. Additionally, we further assessed the exercise tolerance and cardiac depression in patients with HBV related cirrhosis, as few studies on physical activity, which is associated with quality of life and reduced cardiac mortality,^\[[@R8]\]^ were ever reported in cirrhotic patients.

2. Methods
==========

2.1. Patients and study design
------------------------------

From January 1, 2017 to October 31, 2017, the data from 158 HBV related cirrhotic patients with atypical cardiac manifestations were reviewed. Atypical cardiac manifestations referred to the absence of typical symptoms (breathlessness, orthopnoea, paroxysmal nocturnal dyspnea) and specific signs (elevated jugular venous pressure, third heart sound, and laterally displaced apical impulse).^\[[@R9]\]^ Diagnosis of liver cirrhosis was based on clinical observations, laboratory parameters, and imageology examination. The fibrosis scores of aspartate aminotransferase-to-platelet ratio index and Fibrosis 4 Score, tissue stiffness or liver biopsy if necessary was used to evaluate the morphology of liver.^\[[@R10]\]^ For the present analysis, 79 patients were excluded from the study, including 12 patients with evidence of primary liver cancer, 32 patients with a history of hypertension, diabetes mellitus or primary cardiovascular disease, 15 patients with a history of long-term alcohol use, 7 patients suffering with uncontrolled extrahepatic diseases (severe infection, hemorrhage, and anemia), and 13 patients with incomplete data on cardiac function or lost for follow-up. The Child-Pugh score and the model for end-stage liver disease (MELD) score were used to evaluate the severity of liver.

The 103 matched chronic hepatitis B (CHB) patients who followed up in our institute during the corresponding period were enrolled as controls. CHB was defined as:

1.  HbsAg seropositive ≥6 months;

2.  Active HBV replication (positive HBeAg with HBV DNA ≥20,000 IU/ml or negative HBeAg with HBVDNA ≥2000 IU/ml);

3.  Raised alanine aminotransferase (ALT) level.^\[[@R11]\]^ Antiviral treatment, nucleos(t)ide analogs or peg-IFN, respectively was prescribed according to APASL guideline in CHB patients.^\[[@R11]\]^

In order to choose the best antiviral treatment, a series of examinations including mental health, thyroid function, 6-minutes walking test and cardiac depression scale were evaluated before starting antiviral treatment.

Recruited CHB patients as control group, by contrast, achieved sustained virological response without evidence of advanced fibrosis. The Child-Pugh score and the MELD score were used to evaluate the severity of liver disease.

This research project was performed in accordance with principles of the Helsinki Declaration and approved by the Human Ethics Committees of Shanghai Public Health Clinical Center, Fudan University.

2.2. ECG examination
--------------------

The standard 12-lead ECG was performed on all of the enrolled subjects. The resting heart rate and the QT interval were recorded by the cardiologist. The QT interval was corrected by R-R interval and recorded in the form of QTc. QTc prolongation was defined as QTc value \>440 milliseconds (ms) for men or QTc value \>460 ms for women. The electrolytes were in the normal range when ECG was performed.

2.3. UCG examination
--------------------

The UCG was also performed on all of the enrolled subjects by ultrasound physician. Heart wall thickness, such as left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic diameter (LVESD), interventricular septum thickness (IVST), and left ventricular posterior wall thickness (LVPWT), was assessed by 2-dimensional ultrasound. The left ventricular systolic and diastolic function, such as peak velocities of early diastolic filling (E wave)/late diastolic filling (A wave), E/A ratio, early diastolic annular velocity (E' wave), E/E' ratio, deceleration time (DT), ejection faction (EF), and pulmonary artery systolic pressure, were evaluated by M-mode echocardiography and tissue doppler imaging.

Cardiac systolic dysfunction in cirrhotic patients connects to EF \<55% and reginal wall motion abnormality.^\[[@R5],[@R12]\]^ The definition of cardiac diastolic dysfunction (CDD) is as follows^\[[@R13]\]^:

1.  Impaired relaxation refers to E/A ratios \<1.0 and DT \>250 ms;

2.  Pseudonormalization refers to E/A ratios \>1.0, E/E' ratios \>10, and DT \>150 ms;

3.  Severe diastolic dysfunction refers to E/A ratios \>1.5, E/E' ratios \>10, and DT \<150 ms.

2.4. Cardiac depression and exercise tolerance
----------------------------------------------

The Chinese version of Cardiac Depression Scale (C-CDS) was used to evaluate the exercise confidence.^\[[@R14]\]^ It is a self-report questionnaire consisted of 25 items to assess the domains of sleep, anhedonia, uncertainty, mood, cognition, hopelessness, and inactivity.^\[[@R14]\]^

Exercise tolerance was assessed by the 6-minute walk test (SMWT). SMWT was not performed on cirrhotic patients with Child-Pugh grade C due to the high incidence of complications, such as refractory ascites, mild-to-moderate encephalopathy, and coagulopathy. The SMWT was carried out according to American Thoracic Society guidelines.^\[[@R15]\]^ Briefly, patients were asked to walk at their usual pace along a straight 50-meter flat-way. The distance was recorded at the end of the 6 minutes. The patients were encouraged to walk as much as possible, but also allowed to quit if there were intolerance symptoms.

2.5. Statistical analysis
-------------------------

Statistical analysis was performed with SPSS 16.0 software. Continuous variables with normal distributions are reported as medians (quartiles) and analyzed by *t* test or 1-way ANOVA analysis of variance. Continuous variables with non-normal distributions are reported as medians (quartiles) and analyzed by Mann--Whitney *U* test or Kruskal--Wallis test. Categorical variables are expressed as frequencies, analyzed by chi-square test or Fisher exact test. Correlation between variables was determined by the Spearman rho test. Binary logistic regression was used for modeling the relationships between CDD and clinical parameters.

3. Results
==========

3.1. General characteristics
----------------------------

Baseline characteristics including demographics and clinical parameters were recorded as shown in Table [1](#T1){ref-type="table"}. All selected patients of HBV related cirrhosis were prescribed with nucleos(t)ide analogs according to the clinical practice. Seventy-nine cirrhotic patients were enrolled in the cohort of this study. Meanwhile, 103 matched CHB patients were enrolled as controls. To avoid the bias between the 2 groups, the age, gender, status of e antigen, and viral loads were analyzed, there were no significant differences of age (53 \[41--62\] vs 59 \[41--67\] years, *P* = .763), gender (male/female \[50/29\] vs \[57/46\], *P* = .280), e antigen status (positive/negative \[34/45\] vs \[51/52\], *P* = .454) between HBV related cirrhotic patients and the control group. Viral loads of all patients in both groups were lower than 100 IU/ml.

###### 

Baseline characteristics of patients in controls and HBV related cirrhosis group.
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3.2. ECG manifestations
-----------------------

There was no significant difference of rest HR between HBV related cirrhotic patients and the control group (75 \[68--92\] vs 74 \[62--84\] beats per minute, *P* = .076). However, HBV related cirrhotic patients had a longer QTc interval duration than the control group (437 \[414--457\] vs 420 \[403--435\] ms, *p* \< .001). There was a weak correlation between QTc interval and MELD score (*R* = 0.239, *P* = .018, Fig. [1](#F1){ref-type="fig"}). However, the proportions of QTc prolongation in controls, Child-Pugh grade A, grade B, and grade C groups were 8.73%, 13.66%, 32.0%, and 31.25%, respectively (*P* = .069).

![Electrocardiogram manifestation in patients with cirrhosis and no-cirrhosis groups. (A) Heart rate (*P* = .076), (B) QTc interval (*P *\<* *.001), (C) Correlations between QTc interval and MELD score (*r* = 0.239, *P* = .018). MELD* *=* *model for end-stage liver disease.](medi-98-e14961-g002){#F1}

3.3. UCG manifestations
-----------------------

The UCG manifestations of the patients with both HBV-related cirrhosis and noncirrhosis, were summarized in Table [2](#T2){ref-type="table"}. No statistical significances of LVEDD, IVST, and LVPWT were observed between the 2 groups. Compared with controls, however, LVESD was thicker in patients with cirrhosis (Table [2](#T2){ref-type="table"}).

###### 

Ultrasound cardiogram findings.
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Forty-one patients (51.90%) of HBV-related cirrhotic patients were in accordance with the definition of CCM. As to EF value, which is associated with cardiac systolic function, there was no significant difference among all groups. A total of 68 enrolled patients (37.57%) had some degree of CDD: 30 patients (29.13%) in the control group, 7 patients (28.00%) in Child-Pugh grade A, 20 patients (60.61%) in Child-Pugh grade B, and 11 patients (52.38%) in Child-Pugh grade C. Further analysis showed that patients with HBV-related cirrhosis (38, 48.10%) had a higher incidence of CDD than controls (30, 29.13%) (*P* = .008). The patients with Child-Pugh grade B and C (31, 57.41%), which indicated advanced liver cirrhosis, had a higher incidence of CDD than the control and Child-Pugh grade A group (37, 28.91%) (*P* \< .001). Nevertheless, there was no statistical significance between the Child-Pugh B group and Child-Pugh C group (60.6% and 52.3%, *P* = .551).

3.4. Risk factors for CDD in patients with HBV infection
--------------------------------------------------------

As shown in Table [3](#T3){ref-type="table"}, the individuals with CDD had a high level of pro-brain natriuretic peptide (pro-BNP) (*P* = .025), international normalized ratio (INR) (*P* = .010), and Child-Pugh score (*P* = .020), in contrast, platelet count was lower in the CDD group (*P* = .046). Furthermore, patients with CDD had a higher proportion of ascites complication (*P* \< .001). However, there were no differences between the groups in serum ALT, serum creatine, total bilirubin, total cholesterol, troponin I, and MELD score levels (Table [1](#T1){ref-type="table"}). To control the confounding effects between the variables, binary logistic regression modeling was performed. The platelet count, pro-BNP, INR, Child-Pugh score, and the proportion of ascites were analyzed. The results showed the high Child-Pugh score (odds ratio = 1.662, *P* = .010) was an independent diagnostic predictor of CDD in patients with HBV infection.

###### 

Risk factors for CDD in patients with HBV related cirrhosis.
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3.5. Cardiac depression and exercise tolerance
----------------------------------------------

One hundred twenty-five patients (68.68%) completed C-CDS questionnaire. The C-CDS indexes of controls, HBV related cirrhotic patients with Child-Pugh grade A, Child-Pugh grade B, and Child-Pugh grade C were 64 (42--75), 78 (55--96), 87 (70--110), 102 (86--133), respectively (Fig. [2](#F2){ref-type="fig"}). There was a statistically significant increase in C-CDS indexes along with increasing Child-Pugh grade (*P* \< .001).

![The indexes of cardiac depression scales and score of 6-minute walking test in patients with controls and HBV related cirrhotic patients. HBV* *=* *hepatitis B virus.](medi-98-e14961-g005){#F2}

To evaluate the exercise tolerance, 92 patients (50.55%) were enrolled in SMWT: 54 (58.70%) patients in the control group; 17 patients (18.48%) in Child-Pugh grade A; and 21 (22.83%) patients in Child-Pugh grade B. Compared to the walking distance of the control group (545 \[520--575\] meters), the walking distance of patients with Child-Pugh grade A (495 \[425--550\] meters) and grade B (455 \[400--510\] meters) were significantly shorter (*P* \< .001) (Fig. [2](#F2){ref-type="fig"}).

4. Discussion
=============

HBV infection, especially in the Asian-Pacific area, is a main cause for advanced liver diseases such as cirrhosis, liver failure and HCC.^\[[@R16],[@R17]\]^ Not only alcoholic cirrhosis, it became clear that cirrhosis per se was also an independent factor of cardiac dysfunction. However, in patients with asymptomatic clinical manifestations in early stage, few studies on the cardiac health and its risk factors in HBV-related cirrhotic patients were reported to our knowledge. Most of the previous studies either evaluated cardiac function only with UCG or did not focus on physical activity in cirrhotic patients. In this study, cardiac health including cardiac depression and exercise tolerance, ECG and UCG manifestations were focused.

A significant longer QTc interval duration could be detected in cirrhotic patients when compared with the control group, which was in line with previous researches.^\[[@R18]--[@R20]\]^ A longer QTc interval duration could result from delayed repolarization of cardiac muscle, which was possibly associated with volume overload, sympathoadrenergic activity and portal hypertension in cirrhotic patients.^\[[@R18],[@R20]\]^ On the other hand, Li et al also showed that the prolonged QTc interval duration became normal in 17 of 20 patients undergoing liver transplantation,^\[[@R19]\]^ indicating the impact of liver cirrhosis on heart function.^\[[@R21],[@R22]\]^ Additionally, QTc interval was found weakly associated with MELD score. The proportion of QTc prolongation had an upward tendency with the increase of Child-Pugh grade. However, no significant difference was detected. With the inconsistency of above results, although electrophysiological changes were common in patients with HBV-related cirrhosis, we could hardly establish the connection between QTc prolongation and the severity of HBV related cirrhosis. QTc interval might be affected by some other decisive factors independent of cirrhosis, such as alcohol consumption, hepatic venous pressure gradient (HVPG) and plasma calcium level.^\[[@R23]\]^

There are many ways to evaluate heart function, including UCG and cardiac magnetic resonance (CMR).^\[[@R9]\]^ CMR is known as the gold standard for the measurements of volumes and EF of the heart, but is limited by higher costs and lower availability.^\[[@R9]\]^ UCG, which is considered feasible and precision, was used to access the heart function in our study. Ventricular wall thickening occurred in patients with liver cirrhosis according to the data of our study. Patients with liver cirrhosis had a thicker LVSED than noncirrhotic patients. The exact pathogenesis between heart wall thickness and liver cirrhosis is still uncertain. The possible explanation could be as follows:

1.  volume redistribution and cardiac overload might lead to cardiac hypertrophy^\[[@R21]\]^;

2.  hyperactivity of renin-angiotensin-aldosterone system could result in an increase in both the number and size of cardiac cells in the animal model.^\[[@R24]\]^

In our study, we found a similar incidence of systolic function between the cirrhotic and non-cirrhotic group, and the EF value showed no significant difference between different groups. Meanwhile, 30 patients (29.13%) in the noncirrhotic group and 38 patients (48.10%) in the cirrhotic group had evidence of CDD. The proportion of CDD increased significantly with the severity of liver disease. Most of the enrolled subjects, both cirrhotic group (30 subjects, 81.08%) and the control group (22 subjects, 73.33%), had impaired cardiac relaxation (mild CDD). Child-Pugh grade B group had highest incidence of CDD. Similar results were ever reported, and the mechanism of CDD in liver cirrhosis was possibly associated with hyperdynamic circulation.^\[[@R25]\]^ In total, 51.90% of HBV-related cirrhotic patients without significant manifestations were diagnosed as CCM. Due to the heavy use of non-selective beta-blocker and diuretics, which could affect the system hemodynamics, cardiac condition should be taken into account in the treatment of cirrhosis.

Only a few studies have focused on the risk factors of CDD in liver disease. Compared with no-CDD group, patients with CDD showed higher levels of INR, pro-BNP and Child-Pugh score and lower level of platelet count. The increase of INR and decrease of platelet count resulted in an advanced liver condition. Pro-BNP is a reliable biomarker to evaluate cardiac dysfunction in early stage.^\[[@R26]\]^ In our study, patients with CDD had a higher level of pro-BNP. The elevation of pro-BNP might be linked with volume overload, and the persistent existence of CDD might further elevate the level of pro-BNP. Furthermore, the presence of ascites had a high incidence in CDD group, because cirrhotic patients with complication of ascites might be under a worse condition of volume overload and HVPG.^\[[@R22]\]^ However, in the regression model, only Child-Pugh score was an independent predictor of CDD incidence. In other words, the severity of liver disease itself was closely related to cardiac dysfunction, as well as the hyperdynamic circulating state.

The SMWT is a low-cost and easy-to-conduct assessment for exercise tolerance. It is generally safe for patients with liver disease.^\[[@R27]\]^ Previous study showed distance of the SMWT was associated with nutritional status and mortality in patients with severe liver disease.^\[[@R28],[@R29]\]^ As the data shown in Figure [2](#F2){ref-type="fig"}, patients in Child-Pugh grade B had the least exercise confidence, while the distance of SMWT decreased with the severity of liver disease. Although the UCG has not shown impairment of cardiac function, the cirrhotic complications, including volume overload (ascites) and myodystrophia, resulted in poor exercise tolerance. In line with the previous findings, this observation suggested distance of SMWT was associated with the severity of liver disease. However, the reliability and validity of SMWT in liver disease are relatively weak. A study on SMWT in patients with liver transplantation suggested though the SMWT was a simple test of physical functioning, it was difficult to apply because of a low level of fitness in this population.^\[[@R27]\]^ In our study, a proportion of cirrhotic patients with Child-Pugh Grade C were excluded due to the severity of illness, thus, sampling bias might not be avoided. The results of SMW'T could only be considered as a helpful hint to indicate an advanced condition. According to the practical management of chronic heart failure, the physical exercise is the cornerstone to improve functional status and survival rate.^\[[@R30],[@R31]\]^ It might be necessary to stress the importance of exercise training in cirrhotic patients.

There are some limitations to the study. First, this was a single-center retrospective study and was limited by small sample size. Further work should include a follow-up work designed to evaluate whether cardiac function is connected with the severity of liver and concomitant medication, such as nonselective beta-blocker and diuretics. Quantitative analysis of liver cirrhosis, such as apparent diffusion coefficient value and cirrhosis risk score, should be enrolled in the future study.^\[[@R32],[@R33]\]^ Second, stress ECG or UCG was not further performed to evaluate the compensatory capacity of the heart. Third, patients with cirrhosis are often under the condition of portopulmonary hypertension, it needs further study on right cardiac function in cirrhotic patients. Finally, functional tests such as SMWT and C-CDS are not liver specific, a certain degree of bias might be occurred. The result of exercise tolerance and confidence might only work as a cue for clinical management.

5. Conclusion
=============

Electrophysiological changes and cardiac dysfunction were common in patients with HBV related cirrhosis. Cardiac condition must be carefully considered in the integrated therapy of liver cirrhosis. Hepatology physicians should lay emphasis on exercise training in daily life to improve exercise confidence and exercise tolerance.
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